Introduction {#Sec1}
============

Dacryocystorhinostomy (DCR) is a surgical procedure performed to resolve epiphora due to nasolacrimal duct obstruction (NLDO) of either an anatomical or functional origin \[[@CR1]\]. The aim of the DCR procedure is to create a connection between the lacrimal sac and the nasal cavity in order to provide a direct bypass of the blocked or narrowed nasolacrimal duct. The original endonasal (nonendoscopic) approach was first described in 1893 by Caldwell \[[@CR1]\], and the external approach in 1904 by Totti \[[@CR2]\]. The external approach was the favored procedure throughout the 20th century, and the endonasal approach was abandoned due to lack of adequate visualization. In 1989, McDonough and Meiring described the first modern endoscopic endonasal DCR procedure. Since then, instruments, visualization, and surgical techniques have evolved to improve endoscopic endonasal DCR (EDCR) \[[@CR3]--[@CR6]\], which has emerged as a standard method over the past decade. Moreover, the surgical success rates of EDCRs and external DCRs are now equivalent, according to the findings of several studies, and with better cosmetic results reported for EDCR \[[@CR7]--[@CR9]\].

The nasal mucosa overlying the lacrimal sac is sacrificed in the conventional EDCR. One of the modifications of the technique performed by some surgeons is the elevation of a mucosal flap prior to creating the osteotomy, and placing it over the osteotomy at the end of the procedure to avoid areas of bare bone as much as possible \[[@CR10]\]. The commonly held belief behind this technique is that the preservation of nasal mucosal flaps can help reduce the rate of granulation and synechiae formation and thereby decrease the rate of failure \[[@CR7]\]. Various techniques of mucosal flap creation have been described, including U‐shaped \[[@CR10]\], L‐shaped \[[@CR11]\], free nasal \[[@CR11]\], and the preservation of the entire lacrimal mucosa \[[@CR12]\].

The purpose of the current study is to compare surgical success and complication rates of EDCRs with and without mucosal flap preservation.

Methods {#Sec2}
=======

Patients and data sources {#Sec3}
-------------------------

We performed a retrospective review of the medical records of all patients who underwent primary EDCR at the Goldschleger Eye Institute from October 2009 to October 2017. Excluded were patients who had previously undergone lacrimal surgery and those with lacrimal apparatus malignancy, posttraumatic bony deformity, and Jones tube insertion. Data on the following parameters were retrieved from the medical database and analyzed: patient demographics (age at diagnosis and gender), medical history, main optical complaint, optical examination findings, imaging findings, surgical details, postoperative success, and long-term prognosis. The study was approved by the local institutional review board (IRB) of Sheba Medical Center.

The standard preoperative evaluation for all patients included lacrimal irrigation and probing of the canaliculi with a blunt Bowman's "00" probe (Martin, Tuttlingen, Germany). The probe was inserted up to bony contact with the lacrimal sac fossa, and passage was assessed by irrigation with at least 5 cc of saline. The patients underwent a full ophthalmologic assessment, and those with a history of nasal or sinus diseases or nasal or sinus surgeries also underwent nasal endoscopy.

Surgical success was evaluated at the end of follow-up and was defined as a complete relief of symptoms as described by the patients as well as verification of functional restoration of patent osteotomy by means of fluorescein dye clearance test, lacrimal irrigation and probing with simultaneous nasal endoscopy.

Surgical technique {#Sec4}
------------------

All procedures were carried out by two ophthalmologists and two ear nose and throat surgeons (A.P, G.B.S and A.Y, B.S), with the patient under general anesthesia. A 30° endoscope was used for the entire operation. Nasal mucosa decongestion was achieved by application of pledgets soaked in amethocaine and adrenalin. Trans-canalicular transillumination was provided by a vitrectomy light pipe in order to verify the location of the lacrimal sac. A solution of 1% lidocaine combined with 1:100 000 adrenaline was submucosally injected to the lateral nasal wall around the insertion of the middle turbinate (axilla). A semicircular incision with a radius of 1 cm around the axilla was performed with a sickle knife and Bellucci micro ear scissors. A posterior-based mucosal flap was then raised with a Cottle elevator to expose the lacrimal sac projection, which was folded back and covered with a piece of Gelfoam sponge (Pharmacia and Upjohn, Kalamazoo, MI, USA). The frontal process of the maxilla was removed with a 40° up bite 2-mm wide Kerrison rongeur punch and a curved 15° 3 mm diamond burr (Medtronic, Jacksonville, FL, USA), after which the lacrimal bone and agger nasi cell remnants were peeled off the lacrimal sac. After complete exposure of the sac, including its fundus and superior portion of the nasolacrimal duct, one of the surgeons inserted a Bowman's probe trans-canalicularly and tented the sac. Another surgeon performed a vertical incision at the anteromedial portion of the sac with the sickle knife to create a wide opening of its cavity. The incision was completed with superior and inferior horizontal incisions made with Bellucci scissors. This allowed the creation of a posteriorly based flap of the medial sac wall, which was approximated to the nasal mucosa flap. This mucosal bridge was then covered with Gelfoam, and the lacrimal system was stented with a silicone Crawford tube (Bausch & Lomb, Shandong, China).

Postoperatively, the patients were instructed to use a saline moisturizing spray and to apply topical antibiotics (chloramphenicol drops) three times a day for 1 month. All patients were followed-up at 1, 4, and 24 weeks post-surgery and after that as needed.

Statistical analysis {#Sec5}
--------------------

An independent samples t-test was used to calculate differences in parametric variables between the two groups (Group WOF, without preservation of the mucosal flap and Group FP, with preservation of the mucosal flap). The Chi-square analysis was used to calculate proportional differences between the two groups. Data of groups with fewer than 30 patients were analyzed using nonparametric analysis tests. The overall significance level was set to an alpha of 0.05. The statistical analysis was carried out using Microsoft Excel 16.1.1 (Microsoft Corporation, Redmond, WA, USA) and SPSS software version 23.0 (SPSS, Inc., Chicago, IL, USA).

Results {#Sec6}
=======

Demographics and medical history {#Sec7}
--------------------------------

A total of 107 patients who underwent 117 EDCR procedures were enrolled in the study. Group WOF consisted of 51 patients (mean age ± SD 54 ± 17 years, range 19--90 years; 46 females), and Group FP consisted of 56 patients (mean age ± SD 48 ± 17 years, range 16--81 years; 40 females). Mean time of follow-up was 270 days (mean time ± SD, 270 ± 243, 168--2701). The demographic characteristics and medical history of the study population are summarized in Table [1](#Tab1){ref-type="table"}.Table 1Demographics and medical historyVariableWOF group 51 patients (*n*, %)FP group 56 patients (*n*, %)*P v*alueAge in years (mean)54.348.20.117Gender  Male5 (9.8)16 (28.57)0.021^\*^  Female46 (90.2)40 (71.42)Hypertension0.395  Yes14 (27.4)11 (19.6)  No37 (72.6)45 (80.4)Diabetes mellitus0.933  Yes8 (15.7)11 (19.6)  No43 (84.3)45 (80.4)Smoking0.293  Yes0 (0)1 (1.8)  No51 (100)55 (98.2)Rheumatic diseases  Yes0 (0)0 (0)  No51 (100)56 (100)^a^Ophthalmic diseases0.469  Yes4 (7.9)8 (14.3)  No47 (92.1)48 (85.7)^b^Previous ophthalmic surgeries0.685  Yes7 (13.7)10 (17.8)  No44 (86.3)46 (82.2)Previous nose/sinus diseases0.652  Yes5 (9.8)7 (12.5)  No46 (90.2)49 (87.5)*WOF Group* no preservation of mucosal flap, *FP Group* with mucosal flap preservation^\*^Significant^a^Ophthalmic diseases (retina, cornea, glaucoma)^b^Ophthalmic surgeries (cataract, retina, cornea, glaucoma)

Pre-surgical evaluation {#Sec8}
-----------------------

The most common presentation in both groups was epiphora (88.23% in Group WOF versus 89.28% in Group FP, *P* = 0.193, Chi-square). Other presentations were dacryocystitis (39.3% in Group WOF versus 40.00% in Group FP, *P* = 0.937, Chi-square) and lacrimal discharge (29.1% in Group WOF versus 36.7% in Group FP, *P* = 0.388, Chi-square). Probing and irrigation caused fluid reflux in 26 Group WOF patients and in 24 Group FP patients (*P* = 0.318, Chi-square), and pus reflux in 8 Group WOF patients and 6 Group FP patients (*P* = 0.795, Chi-square).

Fifteen Group WOF patients and 16 Group FP patients underwent an otolaryngologic examination (*P* = 0.942, Chi-square), and nasal cavity abnormalities were found in 4 and 9 patients, respectively (*P* = 0.025, Chi-square). There were no significant group differences in the numbers of referrals to preoperative imaging studies (*P* = 0.663, Chi-square)

Surgery {#Sec9}
-------

There were 56 procedures performed in Group WOF and 61 procedures in Group FP. Ten of these 117 procedures were bilateral (five in each group, *P* = 0.902, Chi-square). There were no group differences in silicone tube insertions and time until their removal (*P* = 0.719 and *P* = 0.229, Chi-square and *t*-test, respectively). There also were no group differences in surgical success rates (82.1% vs. 86.8%, respectively, *P* *=* 0.478, Chi-square). Table [2](#Tab2){ref-type="table"} compares the surgical data between the two groups. There was no complication during the surgery or after the surgery in both groups.Table 2Surgical dataVariableWOF group (56 cases) (*n*, %)FP group (61 cases) (*n*, %)*P* valueEye0.352  Right30 (53.6)36 (59.9)  Left26 (46.4)25 (40.1)Lacrimal tubing0.719  Yes54 (96.4)58 (95.0)  No2 (3.6)3 (5)Stenting period (weeks)9110.229Surgical success0.478  Yes46 (82.2)53 (86.8)  No10 (17.8)8 (13.2)Revision surgery530.582*WOF Group* no preservation of mucosal flap, *FP Group* with mucosal flap preservation

Discussion {#Sec10}
==========

EDCR evolved over the last decade as the procedure of choice for NLDO due to its benefits compared to the common external DCR. Its advantages included no external incision or scar, no disruption of the tear pump anatomy, and the ability to visualize, diagnose, and treat endonasal pathology \[[@CR13]\]. The disadvantages of EDCR are the need for expensive instrumentation and for the provision of meticulous hemostasis during surgery. Moreover, the learning curve of the endoscopic approach is challenging for the oculoplastic surgeon, since it is difficult and sometimes impossible to suture the adjacent flaps of the lacrimal sac and nasal mucosa \[[@CR14]\]. These complexities led to the development of a variety of techniques that do or do not preserve the mucosal flap \[[@CR15], [@CR16]\].

We compared the EDCRs with and without preservation of the mucosal flap and demonstrated that our patients who underwent the former approach had more nasal cavity abnormalities before undergoing the surgery. The surgical success rates, however, were not influenced by their presence, and the results were essentially the same for both patient groups.

There was a gender difference between groups, but gender was reportedly not a prognostic factor for the outcome of an EDCR \[[@CR17]\]. All the other demographic and medical history data were similar for both groups and, with the exception of mucosal flap preservation, the surgical technique was the same. The surgical success rates and the number of complications after 9 months were also comparable.

There are numerous studies that examined the success rates of individual EDCRs either with or without preservation of a mucosal flap (without comparison between the techniques) \[[@CR13], [@CR15], [@CR16]\]. Those who favored flap preservation claimed that the lacrimal sac mucosa allows primary intention healing and that poor or minimal preservation of mucosa may lead to increased granulation and fibrosis \[[@CR18]\]. Those who do not support preservation of the nasal mucosa claim that the success rates are high and the operative time is shorter without it \[[@CR19]\].

Only three studies compared flap preservation to nonpreservation EDCRs, and there was no consensus regarding the preferred method. Ji et al. reported significantly higher success rates in the mucosal flap group compared to the nonflap group \[[@CR20]\], while Khalifa et al. and Kansu et al. did not find any differences \[[@CR21], [@CR22]\]. However, there was considerable variation in their surgical approaches. Ji et al. used Merocel dressing on the flap and no silicone stents (which is now known to increase the success rates) \[[@CR20]\], while Khalifa et al. performed the surgery with the patients under local anesthesia and used tissue glue to the mucosal edges with a Gelfoam patch \[[@CR21]\]. Kansu et al. observed that several surgeons had performed the two techniques \[[@CR22]\].

The strengths of the current study are the large numbers of patients and the uniformity of the surgical procedure (same teams, same protocols) between the groups. The limitations of this study lie in its retrospective nature and the absence of postoperative anatomical examination findings that should be included in future studies.

Conclusions {#Sec11}
===========

These findings on the value of preserving the mucosal flap in EDCRs indicate that it bestows no benefits in terms of surgical success and complication rates compared to EDCRs in which the mucosal flap is removed. A randomized controlled trial with uniformity of the surgical components is warranted to validate these findings.

Summary {#Sec12}
=======

What was known before {#FPar1}
---------------------

The nasal mucosa is sacrificed in conventional endoscopic dacryocystorhinostomies (EDCRs).Some surgeons, however, modify the technique by elevating a mucosal flap prior to creating the osteotomy with the aim of preserving the mucosa

What this study adds {#FPar2}
--------------------

There were no differences in surgical success or complications rates between the two proceduresNo benefit for adding flap preservation to conventional EDCRs.
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